The risk of developing cardiovascular disease (CVD) is related to lifestyle (e.g. diet, physical activity and smoking) as well as to genetic factors. This study aimed at evaluating the association between CVD risk factors and DNA damage levels in children and adolescents. Anthropometry, diet and serum CVD risk factors were evaluated by standard procedures. DNA damage levels were accessed by the comet assay (Single cell gel electrophoresis; SCGE) and cytokinesis-blocked micronucleus (CBMN) assays in leukocytes. A total of 34 children and adolescents selected from a population sample were divided into three groups according to their level of CVD risk. Moderate and high CVD risk subjects showed significantly higher body fat and serum CVD risk markers than low risk subjects (P<0.05). High risk subjects also showed a significant increase in DNA damage, which was higher than that provided by low and moderate risk subjects according to SCGE, but not according to the CBMN assay. Vitamin C intake was inversely correlated with DNA damage by SCGE, and micronucleus (MN) was inversely correlated with folate intake. The present results indicate an increase in DNA damage that may be a consequence of oxidative stress in young individuals with risk factors for CVD, indicating that the DNA damage level can aid in evaluating the risk of CVD.
INTRODUCTION
Cardiovascular diseases (CVD) are multifactor slow-progressing pathologies (Argiles et al. 1998) that might start forming early in childhood, but manifest later in middle age and is a leading cause of death (Lloyd-Jones et al. 1999) .
The risk of developing CVD is related to a set of characteristics or risk factors that interact to Anais da Academia Brasileira de Ciências (2012) (Annals of the Brazilian Academy of Sciences) Printed version ISSN 0001-3765 / Online version ISSN 1678-2690 www.scielo.br/aabc increase the probability of developing CVD; these characteristics include metabolic and hemodynamic disturbances, as well as an unhealthy diet and physical inactivity (Wu 1999) .
Correlations between the extent of atherosclerotic depositions and CVD risk factors (e.g. serum lipids disturbances) have been observed in an autopsy study with young subjects whose deaths were unrelated to CVD itself (Berenson et al. 1998) . Such evidence indicates that some young individuals with changes in CVD risk factors may be at higher CVD risk later in life. In agreement with this, the risk of CVD outcomes in the elderly is two-fold higher in individuals who were obese during adolescence (Must et al. 1992) .
Several studies have demonstrated that oxidative stress can contribute to CVD progression (Wattanapitayakul and Bauer 2001) . For instance, a diet rich in saturated fat and poor in micronutrients with antioxidant properties (such as vitamins A and C) may increase the formation of oxidized lipids and reduce antioxidant reactions, leading to oxidative stress (Poulsen 2005 , Obrenovich et al. 2011 .
Therefore, this study evaluated the association between risk factors for CVD and DNA damage, which can be defined as either primary (potentially reparable) and permanent (chromosome breaks/ losses lesions) in children and adolescents with variable levels of CVD risk.
MATERIALS AND METHODS

STUDY POPULATION
The study protocol was approved by the ethics committee of Universidade de Santa Cruz do Sul, RS, Brazil (references 678/04 and 358/06). The guardians of all subjects gave us a written informed consent after the study was explained to them.
Between March and August 2005, we recruited male and female individuals aged 6-18 years to be included in a population study (with around 600 subjects) designed to evaluate the prevalence of CVD risk factors (overweight, body fat increase, arterial hypertension, increased fasting glucose, increased LDL and triglycerides, and decreased HDL) in children and adolescents of Santa Cruz do Sul, RS, Brazil. From this sample, three groups of subjects were randomly recruited between June and July 2006: 1) those subjects with no CVD risk factors; 2) those subjects with one or two CVD risk factors; and 3) those subjects with three or more CVD risk factors. The number of subjects in each group was calculated to provide power of ≥ 80% to detect a 2.5-fold increase in DNA damage with a coefficient of variance of 80% with the use of a one-sided statistical significance level of P<0.05. To account for a dropout rate of 10 %, 11-12 subjects per test group were demanded (n =33). We used a standard protocol for the comet assay based on silver staining and visual scoring, as described elsewhere (for details see (Friedrisch et al. 2007) ). One hundred cells were evaluated per individual (50 each on replicate slides). Cells were visually examined to determine DNA damage scores ranging from class 0 (no migration) to class 4 (maximal migration) based on tail intensity (size and shape). Two DNA damage parameters were calculated accordingly: the damage index (DI), which summed the scores of all 100 cells and ranged from 0 (cells with no migration) to 400 (cells with maximal migration), and the damage frequency (DF), which is the percentage of damaged cells (Da Silva et al. 2000) . For the CBMN assay, an aliquot of blood (0.5 mL) was added to 5 mL of RPMI 1640 medium supplemented with 20% fetal calf serum and 0.2% phytohemagglutinin. The flasks were cultured at 37°C for 44 h, after which 4.5 mg/mL cytochalasin B (Sigma) was added according to the method described by Fenech (1993) . The cell suspension was fixed in 3:1 methanol:acetic acid with no hypotonic treatment and dropped onto clean slides. The slides were then stained with Giemsa (10% during 10 min). 2,000 binucleate cells from each individual were scored for micronuclei, nucleoplasmic bridges and nuclear buds (amplified DNA).
DIETARY INTAKE AND OTHER CVD RISK FACTORS
The intake of selected diet constituents was assessed by 24-h food recalls accessed on three non-consecutive days, as described by Prá et al. (2011) . Information on preexisting CVD in relatives was accessed during anamnesis, and the physical activity level was assessed by the short version of the International Physical Activity Questionnaire (Matsudo et al. 2001) .
STATISTICAL ANALYSIS
Differences between groups were evaluated by the one-way analysis of variance followed by Dunnet's post-hoc or student's t-test (continuous variables) or by chi-square (categorical variables). Linear regressions (Pearson) between DNA damage and the various parameters were also calculated. Data analyses were accomplished using Statistical Package for Social Science (SPSS) version 10.0, and graphs were plotted using Prism version 4.0. The data are expressed as mean (± standard deviation). The level of significance was set at p<0.05. Table I shows the values of the evaluated variables according to CVD risk level. No differences regarding age (p=0.19) or sex (p=0.17) were observed between groups. Body fat and BMI showed a stepwise increase in conjunction with the CVD risk level. The number of individuals with hypertension differs between groups (only for those individuals with high CVD risk compared with those with low CVD risk), and there was a significant correlation between hypertensive subjects and an increased CVD risk level (r=0.370, p=0.031; Table I ).
RESULTS
The levels of fasting glucose, total cholesterol and LDL, but not HDL, were significantly higher in individuals with moderate and high CVD risk in relation to those individuals with low CVD risk. Triglycerides were significantly higher only for those individuals with high CVD risk compared with those with low or moderate CVD risk.
Regarding the level of primary DNA damage, DI and DF indicated that there were a two-fold increase from low to moderate, and another two- fold increase from moderate to high CVD risk level (Table I) . Most damaged cells from moderate and high CVD risk subjects were classified as of low DNA damage scores (classes 1 and 2) (Fig. 1 ).
In agreement with the low DNA damage scores, no noticeable effect of CVD risk on the level of micronuclei, nucleoplasmic bridges or nuclear buds was observed (Table I ).
The level of DNA damage as evaluated by the comet assay was correlated positively with various CVD risk parameters (BMI, body fat, total cholesterol, LDL and triglycerides, Fig. 2a-e) . Regarding diet, the intake of vitamin C was inversely correlated with the DNA damage level as evaluated by the comet assay (r=-0.347, p=0.045 ; Fig. 2f) ; and the folic acid intake was inversely related to the frequency of micronuclei (r=-0.525, p=0.012), nucleoplasmic bridges (r=-0.539, p=0.010) and nuclear buds (r=-0.592, p=0.004) (Fig.3) . The number of individuals with family history of CVD differed between groups (p=0.016) and correlated positively with an increase in CVD risk level (r=0.393, p=0.022). There was a non-significant trend for an increase in physical inactivity towards the high CVD risk group. On the contrary, there were no significant differences regarding the intake of the evaluated nutrients between the groups. Hypertensive individuals had about two-fold more DNA damage than the normotensive subjects (DI: 25.50±13.54 versus 15.71±10.62; p=0.031; and DF: 20.00±9.21 versus 10.92±7.52; p=0.005).
There was no significant difference in DNA damage level depending on familial history of CVD or physical activity level.
DISCUSSION
There is evidence that the primary prevention of CVD must start early in life (Washington 1999) . Moreover, Federici et al. (2008) have hypothesized that circulating levels of DNA damage may have a prognostic value in patients with CVD. We evaluated primary DNA damage in the comet assay, which identifies DNA single or double strand breaks that could be repaired by the cells. DNA strand breaks can occur as a consequence of the action of DNA excision repair, which cleaves DNA previously to its resynthesis, and is detected as a momentaneous DNA strand breaks, as well as can originate from alkali-labile sites that are converted to DNA strand breaks due to the alkaline condition of the comet assay (Da Silva et al. 2000 , Tice et al. 2000 . We evaluated permanent chromosomal DNA damage in the CBMN assay, which quantifies micronuclei (which are a consequence of chromosome breaks or loss during cell division), nucleoplasmic bridges (chromosome rearrangements) and nuclear buds (DNA amplification) (Fenech et al. 2003 .
The present results indicated an increase in primary, but not permanent, DNA damage, suggesting that the DNA lesions were of low extension and could be effectively repaired in the evaluated subjects. Indeed, as shown in Figure 1 , most cells of all subjects showed no or low levels of DNA damage, with more than 70% of the cells showing no DNA damage, irrespective of the CVD risk group. Although the high CVD risk group showed a noticeable increase in primary DNA damage, many authors have proposed that such DNA lesions (which fall into classes 1 and 2) include mainly DNA single strand breaks, which are readily repaired and are not associated with DNA double strand breaks (Da Silva et al. 2000 , Tice et al. 2000 .
The positive association between CVDassociated outcomes and oxidative stress markers, including lymphocyte DNA damage, has been shown in adults with CVD (Kim et al. 2008) . There is also a relationship between oxidative primary DNA damage and endothelial function in patients with CVD (Yurdakul et al. 2008 ). Moreover, a prospective cohort study with adults with CVD showed that the levels of peripheral chromosomal DNA damage may act as a sensitive biomarker of prognosis for CVD outcomes within a 5-year follow-up period (Federici et al. 2008) . Notwithstanding, no study to date has evaluated the association of DNA damage markers in children or adolescents with variable levels of CVD risk factors, such as obesity and lipid metabolism abnormalities. Indeed, the present results indicated a positive correlation between primary DNA damage and anthropometrical measures or lipid metabolism markers. Visceral fat accumulation and lipid metabolism disturbances, even in non-obese individuals, are major factors that contribute to increase CVD risk and are associated with primary DNA damage levels (Jang et al. 2003) . Children with a metabolic syndrome have elevated levels of subclinical inflammation, oxidative stress increase and lipid metabolism abnormalities in comparison with normal-weight controls (Kelly et al. 2006) .
Regarding arterial pressure, hypertensive subjects had higher DNA damage levels than the normotensive ones. Although no study has directly evaluated the effect of hypertension on DNA damage, a recent population study has shown that hypertension was the strongest determinant of oxidative stress in subjects with high CVD risk (Fandos et al. 2009 ).
The intake of antioxidant vitamins not as supplements, but within a healthy diet, reduces CVD risks (Eichholzer et al. 2001 , Obrenovich et al. 2011 . Despite controversies, there is evidence that antioxidant vitamins may inhibit LDL oxidation to its more atherogenic form, therefore preserving the inhibition of atherosclerotic plaque formation (Wattanapitayakul and Bauer 2001) . Vitamin C and folate are also associated with lower levels of primary and permanent DNA damage, respectively. An inverse relationship between vitamin C intake and CVD mortality has been shown (Simon 1992), and the effect of vitamin C on DNA damage has been extensively studied (Franke et al. 2005) . Folic acid intake has been associated with the risk of many diseases, including CVD (Doshi et al. 2003) . Folate status is among a number of host risk factors for which there is strong or sufficient evidence that they affect background levels of genotoxicity biomarkers (Battershill et al. 2008 , and the background frequency of micronuclei has been historically associated with folate intake (Fenech et al. 2005 .
The findings of the current study suggest that, compared with low CVD risk, high CVD risk children and adolescents have the highest levels of primary DNA damage, but they did not differ in terms of permanent DNA damage. CVD risk factors, such as adiposity, hypertension, total cholesterol, LDL and triglycerides, correlated with primary DNA damage level. Although there were minor differences regarding diet between the groups with different CVD risks, the intake of vitamin C and folic acid correlated negatively with the extent of primary and permanent DNA damage, respectively. Given the oxidative stress theory of CVD origin and progression, as well as the evidence of increased chromosome DNA damage in adults with CVD, evaluating DNA damage in early stages of life may identify those individuals who are more likely to suffer from cardiovascular morbidity and mortality. Studies are needed to further examine the progression of DNA lesions throughout the lifespan of individuals with CVD risk factors. 
